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THE EFFECT OF GLOBAL-SCALE DIVERGENT CIRCULATION ON THE ATMOSPHERIC 

WATER VAPOR TRANSPORT AND MAINTENANCE, Tsing-Chang’Chen, Department of Ear th  
Sciences,  Iowa S t a t e  Univers i ty ,  A m e s ,  I A  50011 

1. In t roduc t ion  

Many e f f o r t s  have been made by meteoro logis t s  i n  t h e  p a s t  t h r e e  decades 
t o  examine t h e  l o c a l  maintenance of water vapor by t h e  mois ture  t r anspor t .  
I t  w a s  pointed ou t  by Starr  and Pe ixoto  (1) t h a t  i t  i s  d i f f i c u l t  t o  exp la in  
t h e  r e l a t i o n s h i p  between reg ions  of h igh  water vapor content  and t o t a l  
moisture .  A s  i t  i s  w e l l  known, t h e  p r e c i p i t a t i o n  caused by condensation i s  
o f t e n  a s soc ia t ed  wi th  t h e  v e r t i c a l  motion of atmospheric d ivergent  c i r c u l a -  
t i o n .  Cased upon t h i s  practice,  w e  would l i k e  t o  show how t h e  high water 
vapor conten t  over c e r t a i n  reg ions  i s  a t t r i b u t e d  t o  t h e  convergence by 
d ivergent  c i r c u l a t i o n s .  
t h e  h igh  water vapor conten t  i n  t h e  t r o p i c s  during win te r  and summer seasons 
i s  maintained. The o t h e r  i s  how t h e  sudden i n t e n s i f i c a t i o n  of t h e  t r o p i c a l  
d ivergent  c i r c u l a t i o n s  a s soc ia t ed  wi th  t h e  monsoon onse t  enhances t h e  water 
vapor conten t  over monsoon reg ions .  
generated by t h e  FGGE 111-b ana lyses  of t h e  European Center f o r  Medium Range 
Weather Forecas ts .  The s p e c i f i c  humidity is computed f r o m  temperature and 
r e l a t i v e  humidity i n  Chen e t . a l .  (2 ) .  

Two a s p e c t s  w i l l  be presented.  One a spec t  i s  how 

The d a t a  used i n  t h i s  s tudy  were 

2.  Theore t i ca l  Background 

The hydro logica l  cyc le  of t h e  atmosphere can be i l l u s t r a t e d  wi th  t h e  
water balance equat ion ,  

(1) 

where W i s  p r e c i p i t a b l e  water i n  an a i r  column, Q i s  water vapor t r a n s p o r t ,  
Vq, and q i s  s p e c i f i c  humidity. E and P are evaporat ion and p r e c i p i t a t i o n .  
The long-term, say  a season o r  a month, average of Eq. (1) can be approximated 
as 

- -  
V*< = E - P ,  (2) 

(-) = t i m e  average. 
separa ted  i n t o  t h e  r o t a t i o n a l  and d ive rgen t  component, i .e. Vq = (Vq)q + 
(Vq) These two components can be expressed i n  terms of 
s t r e h f u n c t i o n  (I)) k d  p o t e n t i a l  func t ion  (x) .  
w r i t t e n  as 

Note t h a t  t h e  water vapor t r a n s p o r t  v e c t o r  can be 

o r  Q = QJ, + Q . 
Therefore ,  Eq. (2) can be 

- -  v*qx v2y = E - P . (3) 

Based upon Eq. (3 ) ,  w e  can relate Q 
This  approach w a s  proposed by Chen x ( 3 ) .  
equa t ion  by spec i fy ing  boundary cond i t ions  a t  t h e  nor thern  and southern 
boundaries.  Our a n a l y s i s  covers  t h e  e n t i r e  globe. 

t o  t h e  source  and s i n k  of water vapor.  
J, and x are obtained from Poisson 

3 .  Global Water Vapor Flux and Maintenance 

The l a r g e s t  water vapor conten t  e x i s t s  i n  t h e  t r o p i c s .  The zonal 
asymmetry i n  t h e  geographic d i s t r i b u t i o n  of t h i s  q u a n t i t y  occurs  e s s e n t i a l l y  
over t h r e e  t r o p i c a l  con t inen t s .  They are t h e  nor thern  p a r t  of South America, 
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equatorial Africa, and the equatorial western Pacific during th north 
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rn 
winter (December-February), and Central America and the northern part of 
South America, equatorial west Africa, and monsoon areas during the northern 
summer (June-August). The water vapor transport is mainly carried out by 
Q (not shown) and follows the low-level atmospheric circulations because 
tge major part of the water vapor is located there. 
Q is not related to the difference between evaporation (E) and precipitation 
(#), while Q is. The latter component of water vapor transport is displayed 
in Fig. 1 fog both northern summer and winter. Observations reveal that the 
water vapor converges toward three tropical areas of high water vapor content. 
This indicates that the local Hadley circulation and the longitudinal Walker 
circulation perform the water vapor transport to maintain the high water 
vapor content over three preferable tropical regions. The converged water 
vapor would be transported upward by the two types of divergent circulations 
to increase the moisture content of the atmosphere and, in turn, to enhance 
the condensation. Therefore, the large rainfall in the tropics is 
consistently distributed with the significant convergence of water vapor 
flux. 

According to Eq. ( 2 ) ,  

4 .  Divergent Water Vapor Flux Associated with Monsoon Onset 

The onset of both Australian and Indian monsoon is always characterized 
by the deepening of the low-level monsoon trough and the intensification of 
the upper-level high center over monsoon regions, and sudden heavy rainfall 
(Chen and Yen ( 4 ) ) .  This implies the abrupt development of divergent circula- 
tions over monsoon regions when the monsoon onset occurs. 
motions associated with divergent circulations converge and pump upward water 
vapor. 
follows. 
monsoon onset for both Australian and Indian monsoon is exhibited in Figs. 2 
and 4 ,  respectively. The onset of the former monsoon occurs between December 
21-26 of 1978 and that of the latter monsoon occurs between June 10-16, 1979. 
It is very obvious from these two figures that a tremendous enhancement of 
water vapor flux converged toward monsoon regions by the divergent mode 
after monsoon onset occurs. To demonstrate the abrupt increase of water 
vapor with divergent circulations when the monsoon onset occurs, averages 
of the 200-mb divergent kinetic energy (%), water vapor content, and root 
mean square of divergent water vapor flux over key monsoon areas, which are 
encircled in Figs. 2 and 4 ,  are displayed in Figs. 3 and 5. These figures 
confirm our above argument. 

The strong upward 

Intensive cumulus convective activities are induced and heavy rainfall 
The moisture transported by the divergent mode before and after 

5. Concluding Remarks 

It was shown by our past studies (Chen and Wiin-Nielsen (5); Chen (6)) 
that the atmospheric circulation is dominated by the rotational component. 
However, it is the divergent component of motion which releases the available 
potential energy to drive atmospheric motions. 
atmospheric motions works in a same manner. Although the water vapor is 
essentially transported by rotational component, this study demonstrates that 
only the water vapor transported by divergent component is linked to the 
source and sink, and maintenance of atmospheric water vapor content. 

The water vapor transport by 
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Fig. 1. Divergent component of the vertically integrated water vapor 
transport vector field. Vector units: kg m-ls-'. 
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(a) 5/20-6/2 (1979) before  onse t  of Ind ian  monsoon 

(b) 6/17-6/30 (1979) a f t e r  onse t  of Ind ian  monsoon 
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Fig. 2. Global  d i s t r i b u t i o n  of p o t e n t i a l  f o r  t h e  v e r t i c a l l y  i n t e g r a t e d  water 
vapor f l u x  superimposed wi th  d ivergent  component of water vapor 
t r a n s p o r t  v e c t o r  f i e l d .  
kg s-1 and v e c t o r  u n i t s  are kg m-1s- l .  

5 Contour i n t e r v a l s  of p o t e n t i a l  are 5x10 
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Fig. 3.  T i m e  series  of %, root mean square (RMS) of Q 

water ( W ) .  Area 1: (60°E-900E, 15ON-25'N) 

and precipitable D 

Units: % m2s-2, RMS of Q ms'lg kg-', 

w mm. 
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(a) 12/1-12/21 (1978) before onset of Australian monsoon 
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(b) 1/1-1/31 (1979) after onset of Australian monsoon 
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Fig. 4. The same as Fig. 2, except for the onset of Australian monsoon. 
Contour intervals of potential are 4x105. 
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Fig. 5. T i m e  series of K,,, roo t  mean square (RMS) of 
water (W). 

Area 3: (112.5°E-1200W, 4SoS-1O0S) 
Area 4: (150°E-1400W, 2OoS-5OS) 
Area 5: (112.5"E-150°W, 3OoS-O0) 
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